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Introduction

I. NEED FOR THE PROJECT

The need for this project arises frem a number of éloselv associated ideas, These ideas are all related to
important instructional tasks undertaken consistently and frequently by classroom teachers.

One such idea is that it is unfortunate that instruction is limited by tests that are narrow in scope and
improperly conceived. A second idea is a conviction that teachers zan huild suitable tests that measure
much more than a low-level recall of information, The third idea is that teachers can utilize test datain
the process of individualizing instruction. The fourth idea is that students can profit from receiving feed:
back about their learning. The fifth idea is that teachers, and indeed all others interested in the educa:
tional process, need to know how the pupils are performing more often than once each year,

The workshops associated with the Evaluation for Individuatized instruction Project are planned to
provide teachets an opportunity to improve their skitls in construction and development of evaluation
procedures. This is based on the premise that one successful initial approach to the improvement and in-
dividualization of instruction is through the improvernent of teacher-made tests.

These project workshops should produce (1) agroup of teachers who are sophisticated in the con-
struction of evaluative instruments and in the techniques for using test data to improve the individual
ization of instruction; {2) an available pool of teacher-made test items that are appropriate for measuring
both information and the broader aspects of education; {3} the recommendations to students of remedial
procedures to be followed if tested skills and understandings have not been mastered.

- Toattain these ends, immediate as well as longrange objectives for the workshop have been devel-
oped. These are stated in terins of the terminal behavior of the participants.

: ‘
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GLOBAL WORKSHOP OBJECTIVES

IMMEDIATE OBJECTIVES

The immediate instructional objectives of the workshop are those which can be evaluated as each
workshop progresses and immediately after termination of the workshop.

During the course of the workshop and as a resuit of instruction received, the teacher can

1
2

distinguish between properly and improperly stated instructional objectives.

write instructional objectives stated in terms of student behavior and applied to a par-
ticular area of content. '

. criticize multiple.choice itemsin terrns of the anatomy, grammar, and logic of the form

_as well as the plausibility, clearness and accuracy of the content.

. write well-formed multiple-choice test items which test behaviors critical to attain-

ment of important instructional objectives.

‘demonstrete understanding that the objectives of instruction should include attainment

of cognitive behaviors above the level of rote recall by writing multiple-choice items that
test, not only recall, but ziso higher levels of cognitive behavior such as "comprehension,
understanding, application, analysis, synthesis."1 o

. participate in the compilationof a complete list of content specified for areas of ap-

plication and employed by the member school districts.

LONG-TERM OBJECTIVES

The long-term instrustional objectives of the workshop are those which depend on implementation

" by teachers in their districts over an extended length of time.

. . " h
As a result af participation in the Evaluation Project workgbp teachers can

1.

2.

recall that'th: three major purposes of the Evaluation Project are

a. to provide teachers vwith improved skifls in the construction, development, and use
of classroom evaluation procedures,

b. to demonstrate that such improvement in teacher skitl will lead 1o the improvement
of programs of individualized instruction to promore mastery of essential objectives.

c. to provide a model for the use of continuous evaluation information in bath improving
instruction and in giving information to communities regarding the progress of
stuclents in their schools.

demanstrate their understanding of the three major purposes of the Evaluation Project
by .

a. answering questions ahout the project,

b. demonstrating and teaching the skills of objective item writing.

1Taxonomy of Educational Objectives, Benjamin S, Bloom, et al.




c. explaining uses of the item pool and of the information that can be gained by use of
data from item pool tests.

r d. using the item poo} themselves to construct tests in their own subject area.

e. using the results of item pool teststo analyze their own instructional prograins and
pupil needs.

f. revising their own instruction in the light of information gained through statistical
analysis of test results so that

{1) classroom instruction is more effective.
1 {2) individual pupil needs are better understood and are more adequately met.

3. demonstrate their knowledge and understanding of their “liaison” role in the Evalu-
+  ation Project by

a. reporting in writing to their school districts-.summarizing their workshop activities
- and detailingways in which they believe skills they have gained in the workshop
" can be used to help improve evaluation procedures in their districts.

b. assisting in changing evaluation procedures where requested by their district admin-
istration.

¢. requesting assistance from the Evaluation Project Staff in planning and carrying out
aprogram of information and education.

d. using the technigues for assisting innovation learned in the Evaluation Project work-
shop.

4. demonstrate their appreciation of the values of the projectby

a. participating with positive enthusiasm in the workshop projects.

.

b. sharing idees and offering suggestions during conferences and in general sessions of
the workshop.

c. attending voluntarily, special meetings and offering their services outside their own
districts to help other participants where such assistance is requested and the dis-
tricts approve the cooperative effort,

d. previding a personal modet of proper use of evaluation tools and technigues in their
: own subject areas by drawing upon the item pool for the construction of tests and
by using the results to evaluate on-going instruction and to meet individual pupil need
in the classroom. . . ‘

ERIC | 6
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PLAN OF OPERATION: EVALUATION PROJECT WORKSHOFS

The plan of operation of the workshops intersperses instructional sessions, led by one or more of the
project staff, with work sessions ir which the participants write and edit instructional objectives and
multiple-choice items. Simultaneousty, the staff maintains contact with former workshop participants
by supplying them with materials and observing evaluation techniques employed in their ciasss.

A. INSTRUCTIONAL SESSIONS: Teachers receive instruction in {1) the basic concepts
of evaluation and measurement, (2) the writing of instructional objectives, (3) the
writing of well-formed multiple-choice tast items, (4) the construction of balanced
classroom tests, (5) the analysisof test results, and (6) the application of test
analysis to classroom instruction. Especially stressed are the benefits to individual
students resulting from the use of test data to plan remediation, enrichment and
acceleration.

The instructional content of the workshops is carefully planned but the approach is
. Informal. Teachers are encouraged to question the information given, to seek clarifi-
. .= cation and to explore problems in refation to the concepts being taught.

This portion of the workshop is evaluated by means of a multiple-choice post test,
and by sampling from the objectives and itens written by teachers throughout the
workshop sessions. The objectives and items used to evaluate instruction and
teacher progress are checked agzinst a list of errors similar to that used Ly the
teachers to edit their items.

B. WORK SESSIONS: Teachers write behaviorally stated instructional objectives and
test items. Staff associates work closely with participants, helping them to analyze
and edit the form and content of the objectives and items they write.

C. LIAISON: The role of the workshop teacher in assisting change in the school is ex-
plored. Teachers learn that even after completing the workshop, they may expect the
. continuing support of the project staff in (1) previding up-to-date information on
the project, (2) helping them to fulfill the expectations of their schoof and district
with regard to the chjectives of the project.

Workshop'tcachers are requested to report in writing to their district, summarizing
their work as a participant in the project. They are asked to describe the ways they
think the skills they have acquired by participating in the Evaluation Project can be
used to produce better learning in their schools.

A meeting is held near the end of each workshop. This meeting brings together pre-
vious and current workshop participants. In this way, all participants are kept up-to-
date on the project and the meeting also provides a valuable opportunity for sharing
ideas.




Instructional Session Ona: Educational! Objectives

A. OBJECTIVES
The participant

1. can demonstrate knowledge of educational obiectives‘ by identifying specific changes
intheir form over the past century.

2. can comprehend thz relationship between objectives, ‘evaluation and iearning activities by
- giving specific examples of each and desc: ibing their interdependence.

3. cunstate the purpose of objectives in evaluating the effectiveness of innovative programs.

4. can demonstrate knowledge of the sources of educational objectives as specified by Tyler by
naming the particular source considered in an illustrative exampte.

B. INSTRUCTIONAL PROCEDURES:

1. Leéture on the history of educational objectives

2. Discussion of the purpose of educational obijectives
3. Lecture on the relationships hetween objectives, iearning activities, and evaluation
C. PARTICIPANT'S PREPARATION:

1. Parti of Talmage's instructional Objectives

2. Tyler's Basic Principles of Curriculum and Instruction, pp. 3-28

D. INSTRUCTIONAL PROCEDURE:  Discussion of the sources of educational objectives
E. MATERIALS: '

1. tnstructional Cycle: chart on the reiationships between objectives, learning activities,
and evaluation.

2, Part{ of Talmage's Instructional Objectives

3. Tyler's Basic Principies of Cuiriculum and instruction, pp. 3-28

F.: EVALUATION:  Proficiency Quiz No. 1

(523




STUDY GUIDE — SOURCES OF CURRICULUM

A,

Miss Raven is beginning her career as 3 mathematics teacher in an cconomically disadvantaged area
school. Approximately five percent of the schoot's graduates continue their education. She hasan
excellent series of units on calculus that she designed while student teaching in a wealthy suburban
community. Since she hal such a fine response to these materials while student teaching, she decides
to use them in her present situation. The children do very poorly with them. Miss Raven is convinced
that they could master the material if her students would "only study.” Which of the following
sources of curriculum was probably being ignored?

1) subject matter specialists
2) children’s needs
3)  desires of the local community

Give a reason for your choice,




EVOLUTION OF EDUCATIONAL OBJECTIVES IN THE U. S. SINCE 1800.

1900 A A The mind was thought to have cersain faculties, such as memory and reason,
which could be trained or disciplined by proper exercise.

Objectives were stated in terms of1 me ental facuity to be trained. The study of
Latin was considered especially/as its mastery required memeory, while its grammati-
- -cal structure provided exercise in orderly reasoning. '

1918 - 1925 Learning was perceived as the acquisition of highly specific patterns of behavior.
, ' Each task was viewed as a stimulus to which the student was 1o learn the appropri-
_ate response. '

Examples:
1. Abletoadd 2+3
2. Abletoadd 2+4
3. Abletoadd 2+5
4,  Abletospell believe
5  Abletospell receive

Difficulties: Numnber of objectives for each curricular area was phenomenal. One
course in arithmetic listed 3,000 objectives.

This view of objectives declined after §925 for two reasons:

1. Teacher could not keep in [hind so many objectives.
2. The approach denied the development of generalized behavior

1930’s - Present The Eight-Year Study sharply articulated the idea that learning can best be defined
as a change in pupil behavior and therefore, objectives should be directed towards
obtaining this change.

Examples:
1. The Development of Effective Ways of Thinking
‘2. The Development of Effective Work Habits and Skills
3. Increased Sensitivity to Social Froblems
4,  Greater Awareness of Esthetic Experiences
8 An Appreciation of Man's Relation to his Physical Environment

Difficulties: Obijectives of this type are usually too general to provide direction
to the classroom teacher and yet they are still found frequently in curriculum guides.

Mid-Century Committee on Outcomes in Elementary Education
"Behavior= Action by a Pupil”

Examples;

Loy

1. The pupit knows the customs of India.
2. The pupil can use the library for obtaining further materiats.
3. The pupils enjoy participating in group activities.

The.waork of James Popham, Robert Mager and others

10




O

ERIC

Aruitoxt provided by Eic:

"Behavior = Obsarvabla Action by a Pupil”

Examples:

1

The student will circle the names of the five most recent presidents
of the United States when given a fist of ten past presidents.

The student will solve four of five multiplication problems with the
product less than twenty-five.

Given a set of arguments and conclusions, the student will correctly
select 80% of those whose conclusions are warranted.

14
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Instructional Session Two: Defining Global Objectives
A. OBJECTIVES
The participant

1. can describe the purpose of stating educational objectives in various forms, e.g., public
relations, global, instructional.

2, can, from a list of objectives, indicate which are globaily stated and which are behaviorally
stated. '

3. can rewrite glcbal objectives into a behaviorally observabte form.

4. will listen openmindediy to the philosophy of stating objectives behaviorally as evi-
denced by remarks made in a discussion on the topic.

5. will attempt to write behaviorally stated objectives that help to measure the attainment
of a global objective.

o

will react in a rational, knowledgeable manner to objections to the philosophy of behav-
ioral abjectives as evidenced by rebuttals to stated arguments,

~

will accept change in student behavior as a measure of attainment of objectives rather than
subjective opinions, as evidenced by the participant creating problematic situations and
making judgments about proficiency based on performance.

INSTRUCTIONAL PROCEDURES:
1. Participants will complete a List of Selected Global and Behavioral Objectives.

2. Discussion of the necessity. of defining objectives in terms of pupil behavior if they are to
provide direction to the teacher in guiding learning activities.

PARTICIPANT'S PREPARATION:  Part {1 of Talmage'’s Instructional Objectives
INSTRUCTIONAL PROCEDURES:

1. Provide practice in defining globa! objectives in terms of student bzhavior.
2. Provide practice in rewriting global objectives in behavioral terms.

3. Group critique of efforts to rewrite global objectives.

"MATERIALS:

- 1. Part Il of Talmage's Instructional Objectives

2. List of Selected Global and Behavioral Objectives

EVALUATION: Proficiency Quiz No. 2.

1"
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A LIST OF SELECTED GLOBAL AND BEHAVIORAL OBJECTIVES

Pliace an X before the objectives which you feel would provide viziuable guidance to you in planning
learning activities to realize them

1. —— _ The student will be able to correctly thread a sewing machine.

2, The student will develop a sense of the cultural unity of man,

3. The student will list and describe the themes of Shelley’s posms.

4. The child will develop interast in music.

B, The child will demonstrate an interest in Mark Twain’s works by reading and re-
porting on novels or short stories not required in class.

8. The student will ur *arstand fundamental concepts of physics.

1 ... The pupil will recognize the incorrect usage of capital letters when he employs
rules given in class. ‘

8 The student will learn about collective-bargaining.
8. — . The student will be able to write an essay in which he contrasts the arguments for
having a democracy or a dictatorship. '
10, The student will be able to set up and conduct an experiment to determine the
density of rocks.
1. The pupil will demonstrate a real appreciation of the contributions made by the
late Senator Everett Dirksen.
12, The student will learn the parts of speech.
18, " The pupil will be able to tist the bones in the human foot.
14, The child will analyze an argument by identifying assumptions, conclusions, and

emotionally lade:: statements,

12
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Instructicnal Session Three:

A,

B.

Behavioral Qbjectives

OBJECTIVES

The participant

—

>

S

10.

11

12,

. can state at least three reasons for restating global objectives into a behavioral form.

. can indicate from a list of verhs, which are directly ohservable and which must be observed

indirectly.

. can indicate from a list of objectives, which are stated behaviorali; and which are not.

can indicate, from a list of objectives, which are stated in terms of the student and which
are stated in terms of the course or teacher.

“can indicate, from a list of objectives. those that are explicitly referent to a concept or con-

tent and which are not.

. can rewrite imperfectly stated objectives into acceptable, behavioral form.

. can write behavioral abjectives in his own grade and subject area, using the global objectives

from curriculum materials as a guide.

. can state the three domains of student hehavior {cognitive, affective and psychomotor) and

give examples of each in behavioral form,

. can classify given behavioral objectives into cognitive, affective and psychomotor catego:

ries.

will place behavioral objectives in their proper perspective with respect to evaluation and
learning activities as evidenced by remarks made in discussions.

wiil explain to others the philosophy and methodology of behavioral objectives upon com-
pletion of the workshop and returning to his district.

will encourage others to write hehavioral objectives to evaluate pupil progress and inno-
vative programs in his district as evidenced by the forming of progrant committees and re-
juests for assistance from the project staff. '

INSTRUCTIONAL PROCEDURES

1.
2,

3
4,
5,

6.

7.

View Popham's filmstrig, Instructional Qbjectives.

Present Popham's paper, Instructional Ohjectives as a written record of the filmstrip
presentation,

Discussion of the anatomy of a properly stated hehavioral objective.
Prépare and discuss lists of directly and indirectly observable verbss.
Provide practice in rewriting behavioral objectives.

Provide practice in writing behavioral objectives in the participant's own subject matter
areas.

Group critique of behavioral objectives written by participants.

13
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C. PARTICIPANT’S PREPARATION:  Mager's Preparing Instructional Objectives.

B Y

D. INSTRUCTIONAL PROCEDURES: Discussion of Mager’s approach to writing behavioral
l objectives

E. MATERIALS:

1. Filmstrip,instructional Objectives and cniswer sheets

2. List of directly and indirectly observable verbs to be prepared by participants
3. Anatomy of a Behavioral Objective

4. Mager’s Preparing Instructional Objectives

i F. EVALUATION: Proficiency Quiz No. 3

16
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INSTRUCTIONAL OBJECTIVES®* . JamasPopham

This program deals with the masner in which those invoived in teaching or the development of in-
structional materials should spezify their goals. The topic is one of paramount impor tance for the pro-
spective product developer.

As you go tnrough the program you will be asked to inspect certain frames, and then to respond on the
answer sheet which has been provided. Use a 5 x 7 card as a mask so that you do not inadvertently see the
right answer which is presented below the three asterisks. Sometimes you will sec three asterisks in the
middle of the page as this:

When you do, use your card to cover the area below the asterisks until you have responded on the answer
sheet, then check for the correct answer below the asierisks and proceed with the program. Now begin the
formal part of the program:.

Pupils go to school toget an education. And most of us would agree on the basic aims of the American
schools. We want to produce good citizens, competent workers, and sound thinkers. However, most
‘educators realize tirat such ‘‘basic’’ aim. are usually stated in terms so broad as to defy precise interpre-
tation. |f teachers wish to really implement these objectives they must have a more definite idea of what
the objective means.

Teachers have always worried about the importance of instructionat objectives, yet the kinds of ob-
juctives which teachers have endorsed, usually made little difference in the nature of the instructional pro-
gram. The principal reason for th.. is that these objectives were stated in terms too broad and too am-
biguous to allow anyong to agrec upon what the objective meant.

In the next few franics, you will see some examples of actual obiectives appearing in courses of study
or lesson plans in pubtic school use today.

“’At the end of the course the student will have developed qualities of rational thought and good
citizenship.”

For this first objective try to decide what the cbjective means and what kind of an educational program

would be built in order to achieve the ¢ iective. Do you think athers viewing this objective would reach
a similar conclusion regarding its meaning and an appropriate educational program? Answer yes or no by
circling your answer on the answer sheet alongside Number 1.

The answer is flo, for the objective is broad and permits a variety of interpretations. How about this
objective? '

""The studeat will gain an cppreciation of the importance of Western European literature,”

What kind of educational program would be planned to achieve it and, more importantty, how could one
tell whether or not ‘he objective had been achieved? Do you think most people would agree on the mean-
ing of this objective” Circle your answer alongside Number 2.

»* * +

*With permission, the material in this program is reproduced with minor modifications from the script of the copy-
righted filmstrip-audiotape program E-lucational Objectives, by W. James Popham, Vimcet Associates, Los Angeles,
California, 1966.

15
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The answer shou'd be o, for although this objective limits the content to Western European literature,
it is still extremely vague. Objectives such as these are not much help in planning instruction. Suppose
a school stalt wishes to determine systematically whether it has beensuccessful in achieving this kind
of objective. What types of examinations or what sort ¢ observations of the students might help in
judging whother the obiective has been achieved? The saime question can be asked of the following ob-
jactives-how can one tell whether thay have been successfully achieved?

S A Y ’i

The student will grasp the significance of the environment in which he lives.

Strudents will bacome familiar with the basic coneopis of biclogy.
Do you think most educators would agree on the kinds of tests which would reflect satisfactory
achiavement of these goals? Answer on your answer sheet by Number 3.

* » *

Again the answer is No. Ther2 would be great disagreement over the way to measure attainment of these
objectives,

Unless objectivés unambiguously communirate what the educator .itends to accomplish, they are of
lictle instructional value. In fact, one mighit think of a continuurn in which educational objectives become
more useful as they become less ambiguous.

But why are ambiguous objectives of little value to the teacher? Since educators have been writing
vague objectives for co many years, maybe they are worthwhile. Undoubtedly, they have some public re-
!ationsvalue in that the schools can communicate general aims to the public with such broad statements.
But in the classroom, broad, vague objectives are next to worthless because a teacher really can’t make v
a1y instructional plans from them, Objectives should allow the teacher 10 know where he is going, that is; -
“hey should permit the teacher to formulate instructional plans for himself and his students so that the ob-
jzctive will'be achieved. But if the objective is so vaguely stated that a number of interpretations is pos-

silsle, is the objective useful? Yet, for no good reason, vague objectives are popular with too many ‘
clessroom teachers, ’ '

For instance, many teachers and curriculum viorkers describe objectives in terms of concepts topics, or
generalizations to be treated in the course.

The course will cover:

1. The Industrial Revolution.
2. The Civil War.
3. The Reconstruction Pariod, ¥

These objectives are examples of such "content coverage” goals. But further consideration wifl reveal
that the teacher doss not merely wish to cover these topics--rather, the teacher expects that coverage to

help the pupils become educated. Statements such as these objectives, then, really miss the point of
education,

Other teachers and curriculum workers may state objectives in terms of what the teacher is to do

during the course, ,

During this urit the teach+r will:

1. Analyze the causes of World War il.
2. Discuss the background of the U.N.
3. Point out the current perils to peace.

e
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Yet, coce mora verentize thot ke t2achsr o.ould raotly be interested in how his activities influence
his pupils. if the ouly 20l objentive in a history class was for the tescher to analy e the causes of World
War 1, no pupils nead be present, The teacher could "enalyze’” inen empty room. Such statements,

whe-ofore, fail vo provida tha teacker with any explicit guidance about ways the instruction should affect
tiie students. ’

Soms teachers ©'so stat2 objectivis in extreaely broad terms, with no specific reference.
Tre stucanis with

1. Duvelop appresiations,
2. ineveas? hisintorons,
3, Develop congngtaal tainking,

These objectives, Leczuse cf thzir nenspeeific naturc give Ntils holp to the systematlc planning of in-
struction. Almost anythiiwy could be done,

What then iz« gaod instructionil ohjective? How should instructional goals be stated so that they are
of value to the teachar in sei2cting learning activities and in subsequ ntly evaluating to see whether the ob-
jestives have been accomplished? Geed inctructional objectives must be stated in terms of student behav-
icr. Yes, meanmgfu. and valuable instructional chjectives must be daseribed by stating how the student
pei.aves, or will be able to bahave, after instructicn, The more specifically the pupil behavior can be de-
fined tha better. For virn the tracher’s coal i3 to chznge the student’s observable behavior, a way of
2ong wiather th olycetive has Leen cehisved is provided--namely, to observe whether the behavior
change has ceeurred, Gut v.hat kind of ““ischavior’”? How should we describe the way a pupil will behave
ai.ar instruction? 13 s o satisfastory deicription?

. The pupit will undarstend.

Wian a teach:c: says that a studant wiil “unde. stand,” precisely what does he mean? For instance,
think cLout the kind of evicance you could use to demonstrate that this next objective had been achieved.

Th 2 soadaat will enderatandd e mozningg of the [Monrae Doctring.,

Gy this one?

)

e eednat vl onlly undorstead the mezaning of the Monroe L octrine,

tis true thot most peopl have a somewhat similar conception of what the word “understand’’ means,
Lat if you ask them to b2 mere specific, for example, to describe the kind of student behavior, even test

behavior, that reflects "understandirg,” -, ou will find treinenzous differences in their interpretation of
thts term,

For instance, soina would think the rtudent understond the meaning of the Monroe Doctrme when he
could write cut a deseripi.on of it from memory; or maybe when he could answer a series of true- false

ouestions abiout its background; er perbaps onty vihen he could properly identify instances where the
Doctrine vas violated,

it is clear that terms such as “understanding,”” and “knowledge,” and "insight,” allow considerable
latitude with respect to theit iterpretation, Even though terms ruch as understanding refer to the stu-

dent, it is next to impossible to tall what they raean unless one further specifies what type of student
kepavior signifies understanding.

In the next frame, does phrasc A or phrase B allow for fewer interpretations?
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A. To salact answers corractly.
B.  Torealize fully.
j' Circle the correct answer on your sh.eet by Numiber 4,

* L »

Phrase A is clearer because it describes an observable form of behavior.

Phrase B describes a rather vague, internal type of response which, because it is unobservable, might be
interpreted in many ways.

In the next frame, pick the two phrases which identify a form of observable student behavior.
At tho end of tho unit the student will be able:

' A.  To differentiate.
B. Toenjoy.

C. To comprehend.
D. Toconstruct.

Circle the appropriate two letters on your answer sheet by Number 5.

* * *

A and D are the correct answers, for "'differentiating” and "‘constructing’’ identify behavior which is
observable, while "enjoying” and ""comprehending” refer to internal, unobservable responses of the
individual,

In this next frame select the two behavioral phrases and circle your answer sheet by Number 6
accordingly.

A, Tothink

3.  Torepair

C. Toanswer

D. To anpreciaie

B and C are the correct answers, for "repairing’’ and “answering’’ are behavioral, whereas “'thinking” and
““appreciation’’ are not at all specific.

_In the next frame, is objecti\}e A or B fess ambiguous?

A The pupil will learn his multiplication tables.
B.: The ‘pupil will solve 4 or 5 multiplication problems.

ercle the correct answer by Number 7.

* * *

Objective B is clearer because solving is an identifiable form of pupil behavior, The pupil’s responses on
a test would serve as a behavioral index of his solutions, whareas learning is one of those non-behavioral
woyds which is open to maay different interpretations.

Which of these objectives i‘s the more specific?
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Daa X

A. Thastudent will know the novels of Faulkner.
B.  The stuctent wiil dessribe thres literary movements of thie Romantic Period.

Circle the best objective by Number 8 i your answer sheet.

* , " *

Objective B is the mare snecific since it identifics the student behavior which is sought--namely,
written description, Objnctive A hinges on the interpretation of "know'’ and this could be something as
simple as merely listing the names of Faulkner's novels or as difficult as writing critical analysis.

In the next three frames select the behaviarally stated objectives by circling the appropriate letter on
your answer sheet,

A.  The student will ba able to match thic namas of world leaders with their country.
B.  The concept of world unity will be oeatad,

For this frame'a'nswc-r by Mumbar 9.

& * *

In the preceding frama, the behaviorally statzd objuctive is A, Choose the behaviorally stated objective
for this next frame and answer by Number 10. “

A.  The student will have fomiliarity with the major stylistic schools in English verse.
B.  The student will be 2ble to write a 6 line poem which incorparates iambic pentameter.

» * »

Objectlve Bis the correct answer for the frame. Now choose the best answer for this frame and
answer by Number 11 on vour answer shaet.

A.  Thestudent will really want to become a good teacher.
B.  When given two objestives, the student will ba able to correctly identify the one which is properly
stated,

In this frame, objective B is correct, “ir while it is iilnportant to want to become a good teacher, it is
difficult to determine whether or not a student reaily wants to. On the other hand, identifying properly
stated objectives, as in choice B, is observable behavior--and incidently, will contribute much toward one's
becoming a good teachar.

Now that you have had considerable practice in identifying behaviorally stated objectives, here is a
more difficult task-the writing of such objectives

Is the objective in this frame stated behaviorally?-
The pupil will know the names of the five most recant presidents of the United States.
Circle the correct answer on your answer shest by Number 12,

® * *

Of course not! For while this is a rather limited objective, the verb “know" is ambiguous because there
are a number of observable student behaviors which might be used to reflect such knowtedge. Now, on
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your answer sheet, change this objective so that it is behavioral. That is, write out an improved ob-
jective which there is no ambiguity with respect to the behavior which refiects knowledge of the names
of the five most recent presidents of the United States.

» * *

Look at your objective and decide whether there is an oliservable student behavior described. f the be-
havior of the student can he observed while he demonstrates this knowledge or if the product of his know-
ledge is observable, then the objective is acceptable, For example,

The students will correctly name aloud the five rhost recent presidents of the United States.

This objective describes a student behavior that can be observed as it takes place, and thus it would
qualify as a behavioral objective.

This next objective describes a product, the list of circled names, which could be observed.
The student will .circle the names of the five most recent U, S. presidents from a list of all of our presidents.
This too is a behavioral objective. Most objectives involving student test performance are of this t;lpe.
Other acceptable modifications of the objective might be the following:
The student will list in writing the names of the five most recent presidents of the Unitod States,

When presented with 5 multiple choice questions, each presenting one of the five most recent presidenis
and three distractors, the student will choose the correct answers.

1f your modified objective was similar to these, you have prepared an acceptable objective. Inciden-
tally, if your behavioral objective requires student performance on a test, it is necessary to carefully de-
scribe the type of test that will be used. If possible, examples of the test items should be given, for it may
be tempting to avoid the difficult task of explicitly describing student behavior by hiding behind such
vague objectives involving test performance.

The next objective is definitely non-hehavioral. Change it on your answer sheet so that it is behavioral,
The student wilt giiin a working knowtedgs of the RCA tape recorder.

* +* *

To judge whether your modified objective is acceptable, first see if it describes an observable student
act or an observable product of a student act. |f so, it is a behavioral objective. For example, the following
few aitered objectives would be acceptable.

Th..e student, when presanted with the RCA tape recorder and a blank veel of tape, can record his swn
voice and play it back.

The student will list in writing the seven most important parts of the RCA tape recerder, and describe
the use of each.

The student will point out six control switches on the RCA tape recorder and orally describe the way
each is used.

If your objective is simi'ar to theose, it can be considered a behavioral objective. -
Here is a broader non-behavioral objective,

The pupil will become famitiar with the background of World War 11.
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Change it oii you~ Saswer sitead so ties it s hehasieel,

i @ »

l In the first place, you mustng v reztize how mamr enoives sre avaifaily in Lohavicrizing such an

| objective. The number o} beh e al changes wiich raight b2 made tre zinosc untimitzd, For instance,

a teacher coutd have t3 st.lents oo e from marely teting a (o0 nouzes of World War |1 to more
compiex behnvicr such es wilting a ¢acume AtLd restoreh ausoe. Vo tal vhatisci your medified objective
is prooerly stated, vou will liave 1o juddye wwhether the chjectiva d2:oriles an obsesvable student behavior

or an observable product of studavt Batavier, I it daes, vour objustiva is eceoptabie.
f | i

You chould nove be aiia o diseriminal: botvot= i buhaviocally and non-bohaviorslly stated objectives,
You should also ke 2b'e Lo eneuge ¢ nonheheviurz] obiertly - 1o a beheviars! objective. Why should these
skills be of any banefit to you? In ¢2har words, vohict ere tha pertieulnr advantages of behavioral objec-

4 tive?

For one thing, an instrustye or predie: developer sprcifies his objoetives in torms of student behavior,
This enailes him to salec: apropriste cvsluation pracodures, for thare is less ambiguity with respect to
the meaning of tite objestiva,

In the sarme v.'n, bshavioia! chjoctives inale it far easier for the teacher or programmer to se'ect suit-
abla learning activitios for the alass since he unavys precissly vibiat ind of student behavier he is attempt-
ing tc produca,

Ancther edvanizge of b hwrinral obivetives is that, sinoe tiscy ore stated so sperifically, the instructor
kimself euii Caecida st o 7 adeguate his instructioaal oblrctives ara, Hx2 can alzo call on a colleague to
improve th: cuality of kis ob:jact™ a3, When ob,c ctives are stated so broadly, it may be impossible to im-
prove them. Spacificity enables one to evaluate whether he is pursuing the rig.at aims,

Here is ancther signifing nt atvantac: of behavioral abjsctives. Thuy can be given to mature students
in adtsanse of the instrustion so that the siudznt can focus his erurgies on relevant tasks, He can then
avoid speicding hi= e either mcsterinn naripharal materiai or in trying to out-guess the instructor, it
may taka seoral Lenfences (0 stete an abjective clearly, but once this is done, both insiructor and student
can bz guid=d propoerl 7,

Finally, behavierai chjentizes make it sossible for the wacher, and athers, 1o evaluate instruction on
the basic of whother the studsnts accomplish the int nded oklectiv.s, No longer nzed an instructor be
evaluated on whether b has a “pleaing parsonality” or a “whol:some philocophy of life”. By employing
ehavioral objectivas, teachars cin chact their instructiony! goals sid haen go 2bout accomplishing them.
By gathering behavioral evidence, the teacher can tell whewier he should retain or modify his instructional

*appreach, U, for example, stucents Tail to behave the voay he wis'ins themn to after instruction, he can
change the learning zctivitics. f stusdznts do acquire the behoviorat changes he wishes, then perhaps he
‘should expand or intcnsify the nature of his obinctives,

Certainly there ar2 other facters invelved in good instruction, but precise behavioral objectives can
mariredly help most instructars to ernpiricelly auament the guality of their tezching. The key to im-
proved instruction is inced Behavioral Objectives,
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INSTRUCTIONAL OBJECTIVES (ANSWER SHEET) W, James Popham
1. YES NO
2. YES NO
3, YES NO
4, A B
5. A 8 c
6. A 8 c
7. A B
8, A B
9, A B

10. A B

1. A B

12. YES NO

13.
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ANATOMY OF A BEHAVIORAL OBJECTIVE

' The most useful form for stating objectives is to express them in tarms of the behavior {both cognitive
: and observable) to be developed in the student and the content area (subject matter or concept) to which
‘ this behavior is to apply.

AUDIENCE

The studentcan......

BEHAVIOR

Cognitive {analyze, recall, apnly, ctc.)
Observable {select, draw, match, write, etc.)

CONTENT

Subject Matter (Macbeth, lenses, NRA, equations, etc.)
Concepts (definitions, principles, theorems, etc.)

eg. The student will analyze an argument by commenting on the validity of the supporting
statements with respect to the conclusion.

v
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instructional Session Four: Hierarchy of Learning Behaviors
A. OBJECTIVES
The participant

1. can state the six levels of the Taxonomy of Educational Objectives and the major sub-
categories of each.

2. can order given behaviors in increasing mental complexity. {
3. can identify the taxonomic level of given behavioral abjectives.

4, can write behavioral objectives requiring cognitive skitls at all levels of the Taxonomy.

PARTICIPANT'S PREPARATION:  Talage's Instructional Objectives, Part 111

INSTRUCTIONAL PROCEDURES: Discuss the ranking of selected verbs in arder of their in-
creasing mental complexity--use practice sheet on Classifying Cognitive Behaviors.

o

PARTICIPANT'S PREPARATION:  Bloom’s Taxonomy of Educational Objectives, ((Z:hapter ]
INSTRUCTIONAL PROCEDURES: | i

1. Discussion of Chapter One of Bloom’s Taxonomy.

2. Discussion of the six lgvels of the Tﬂo_ngtﬂ and examples of objectives of each.

3. Provide opportunities for participants to write objectives from their subject matter area at
the different levels of the Taxonomy.

4. Group critique of behaviorat objectives produced by procedure No, 3.
MATERIALS:

3. Practice Sheet in Classifying Behaviors

2. Bloom’s Taxénomv of Educational Objectives

3. Talmage’s Instructional Objectives, Part 111

EVALUATION: Proficiency Quiz No. 4.
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TAXONOMY OF EDUCATIONAL OBJECTIVES!

Cognitive Domzin
1.00 KNOWLEDGE

1.10 Knowledge of Specifics _
” 1.11 Knowledge of Terminology
1.12 Knowledge of Specific Facts
120 Knowledge of Ways and Means of Dealing with Specifics
1.21 Knowledge of Conventions
1;.22 Knowledge of Trends and Sequences
1.23 Knowledge of Classifications and Categories
) 1.24; knowledge of Criteria |
1.25 Knowledge of Methodology
1.30 Knowledge of the Universals and Abstractions in a Field
1.31 Knowledge of Principles and Generalizations
- 1.32 Knowlédge of Theories and Structures

2.00 COMPREHENSION
2.10 Translation

2.20 Interpretation
2.30 Extrapolation
3.00 APPLICATION

4,00 ANALYSIS
4,10 A nalysis of Elements

4.20 Analysis of Relationships
4,30 Analysis of Organizational Principles

5.00 SYNTHESIS

5,10 Production of a Unique Communication .
5.20 Production of a Plan, or Proposed Set of Operations
5.30 Derivation of a Set of Abstract Relations
6.00 EVALUATION
* 610 Judgments in Terms of Internal Evidence

6.20 Judgments in Terms of External Criteria
1Bloom, Benjamin §., et al, Taxonomy of Educatianal Objectives, David McKay Co., Inc., New York, 1968,
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SELECTED OBJECTIVES IN THE SOCIAL STUDIES ~ PRACTICE SHEET

Directions:

Classify each of the following objectives according to its proper taxonomic level.
1.Student can identify terms related to finance.

2. Studentcan use his knowledge of Washington’s political philosophy as expressed in his

foreign policy speeches to analyze a series of statements and select those most representa-
tive of Washington's viewpoint.

3. Student will demonstrate his knowledge of Washington’s Farewell Address by answering
questions implied but not directly stated. .

4, Student will demonstrate his knowledge of the term, “protective tariff,’’ by applying it to
current day situations.

5. Student can examine a table presenting data on the Industrial Revolution and translate
this information intoverbat statements.

6. Student can distinguish hetween “expansionist’’ and "anti-expansionist’’ statements con-
tained incurrent periodicals.

7.Student ¢an distinguish between moral and practical arguments put forth by the South to
defend the Institution of Slavery.

8. Student will be able to anatyze the various theories of the causes of American Revolution
as propounded by various hristorians and evaluate their validity.

9. Student will determine the implications of the attack on Fort Sumter by comparing it with
a given hypothetical situation.

e 10. Assuming that President Andrew Johnson had been removed from office, the student can

predict the possible consequences of such an action to the fedoral government.

27




PRACTICE WORKSHEET

Listed below are pairs of cognitive hehaviors.
complexity.

1. a. memorize
b. analyze

2.  a. identify

‘ b. conclude

3. a. relate
b. assess

4, a. infer 1
b recognize

5. a. conclude 1
b. rephrase

6. a. recall 1
b, distinguish

28
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Select the behavior that involves skills of greater mental

. interpret
b. synthesize

8. a. classify

b. validate
9, a. design

b. organize
0. a, estimate

b. deduce
1. a. evaluate

b, differentiate

2. a, select
b. contrast
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Instructional Session Five

A,

oD e @

noom

OBJECTIVES

The participant

1.
2.
3.

7.

can state the relationship between objectives, learning activities and evaluation.
can state five purposes of achievement testing.

can discuss three benefits of pre and post testing.

. candifferentiate, in a given situation, whether the testing done is measuremnent or evalua-

tion,

. can discuss how proper evaluation procedures are crucial to individualized instruction

programs.

will indicate, in discussion, that assignment of grades is a minor purpase of achievement
tésting.

will encourage other teachers in his district to utilize test results for purposes other than

assigning a grade.

INSTRUCTIONA L SESSION: Review chart presented in Instructional Session One.

PARTICIPANT'S PREPARATION: Purposes of Achievement Téstihg.

INSTRUCTIONAL SESSION: Discuss the purposes of achievement testing.

MATERIALS: Purposes of Achievement Testing.

EVALUATION: Proficiency Quiz No. 5.
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PURPOSES OF ACHIEVEMENT TESTING:

1. Pre-testing helps you, the teacher, know where and how to begin.

2. Pre-testing frequently identifies those students in need of remedial help.

. Pre-testing provides a basis for flexible grouping in particular skill areas.

Pre-testing coupled with post-testing tells you, the teacher, how much your students have improved.

. Test information provides a basis for student self-assessment and motivation.

o o S w

Test scares provide a basis for normative comparison with other students and with community, state,
or even national norms.

~

Test information provides one means for communicating intelligently with parents about a child's pro-
gress in terms of the child’s capacity.

8. Test data furnish a basis for detecting, and hence for attempting to remedy, certain weaknesses in the
curriculum,

©

To determine the level of student achieverent in the subject matter of the course at some pointin
time, in order to assign a grade.

10

To provide a continucus assessment of student learning throughout a definite time period, {such as one
school year), in order to pinpoint the time when “’changes” in learning start to take effect and when

they peak. Also continuous assessment over a period of several school years may compare learning
curves. Coon

30
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Instructional Session Six Techniques of Measurement

A. OBJECTIVES
The partlcipaﬁt
1. can list three different techniques of evaluating pupil progress.
2. can state advantagesand limitations of the different techniques of evaluating pupil progress.

3. can indicate from a list of scoring procedures which are objective and which are subjective.

4, can name an evaluatory procedure appropriate for measuring a given type of behavior
sought.

5. can demonstrate knowledge that all testing situations provide samples of student behavior
rather than being completely comprehensive by selecting test items to measure skills within
a given unit.

6. can construct and use a table of specifications in achieving balance in a test.

7. can analyze a standardized test by specifying the type of student behavior to be elicited by
each item.

8. can, given a portion of a standardized test, construct a table of specifications for it.

9, will write test itemsor problematic situations to utilize the different methods of measure-
ment to obtain valid samples of studant behavior.

B. PARTICIPANT'S PREPARATION: Measuring the Attainment of Educational Objectives
C. INSTRUCTIONAL SESSION:

' .:Discuss objective and subjective scoring.

. Discuss testing as providing a sample of a student's total behavior pattern,

. Discuss the advantages anc¢i limitations of essay and objective tests.

> W N Y -

. Group critique of the appropriateness of test situations to measure certain types of be-
havior using Selecting the Appropriate Measurement Technique work sheet as a guide.

5. Group examination and discussion of the physics test and the accompanying Table of
Specifications.

D. PARTICIPANT'S PREPARATION: Examine lowa Test of Basic Skillsand T eacher’s Manual.

m

INSTRUCTIONAL SESSION:
1. Deiineation 'of the student behavior attempted t . be elicited by each test item.
2. Provide practice in plotting student behaviors and items on Table of Specifications.
3. Discuss the usefuliness of the Table of Spécificaﬂons for obtaining balance in a test.

4, Discussiou of the probable effectiveness of LLT.B.S. in eliciting these behaviors.

3
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F. MATERIALS:
1. Measuring the Attainment of Educational Objectives
2. lowa Test of Basic Skills and Teacher's Manual
3. Selecting the Most Appropriate Measurement Technique-Work Sheet
4. Table of Specifications
6. Physics test and the chart plotting it on a Table of Specifications

6. Assembling the Test

"G, - EVALUATION: Proficiency Quiz No. 6.
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MEASURING THE ATTAINMENT OF EDUCATIONAL OBJECTIVES

1. Written Tests
A. ADVANTAGES AND LIMITATIONS
1. Characteristics of Essay Tests

a. The student producesand organizes his own answers.
b, The answer is in the student’s words.

¢. The test is limited toa few items.

d. Answers can be judged as to the degree of correctnaess.

2. Characteristics of Objective Tests -

.a. The task is high;;tructured.
b. The student selects from given alternatives.
¢. There is a large sampie of items.
d. One uses a predetermined key.

B. WRITING AND SCORING ESSAY ITEMS
1. Writing Essay Items 0.

Have in mind the mental process you want to be elicited by the student.

. Start with phrases like “compare,” “contrast,” *’present arguments for and against,’’
- “give examples of.”’

c. Define the task clearly.

d. Inachievement tests, do not use "in your opinion,” etc.

e,

f.

T

Beware of giving too many items in the time allowed.
Do not mix essay and objective items when time is limited.
9. Do not offer a choice of questions to he answered.

2. Scoring Essay tems

Decide in advance what is to be messured.

I more than one quality is being evaluated, give separate appraisals.
Prepare a model answer with points to be covered and eredit distribution,
Read all answers to one question before going on,

Grade as anonymously as possible.

More than one rater improves reliability.

e o0 g

in subjective evaluation, the score assigned is determined by the personal opinion and judgment of the
scorer, It is not determined by a prescribed scoring key or by the specifications in detail of the requirements
for answers which will receive various scores. Objective evaluation utilizes 2 simple predetermined list of
correct answers so that opinion or judgment in the scoring procedure is eliminated. The scoring of multiple
choice, true-false and matching items is objective. Short answers or open-ended questions are partly ob-
jective, partly subjective and essay itemsare usually totally subjective.

C. WRITING ARD SCORING OBJECTIVE ITEMS

1. General

a. Keep the reading difficulty tow {unless you are measuring reading or verbal skills).

33
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2,

>

b. If opinion or authority is cited, indicate WHOSE opinion or- WHAT authority.
c. Be sure one item does not provide cues to another,
d. Avoid interdependent items.
e, Mak> the correct ansvier vary randomly among the choices in a set of items.
f. Avoid trick questions.
g. Avoid ambiguity.
h. Avoid trivia.

T

rue or False

Be sure the item can be unequivocal and classified as true or false.

Avoid specific determiners. '

c¢: Avoid indefinite terms of degree (most, some, few),

d. Avoid negative statements.

e. Keep the item to one idea.

f. Avoid items where the answer depends on one insignificant word, phrase or letter.
g. Avoid clueing by length of the item.

o

. Shor; Answer

a. Avoid indefinite or open items.

b. Omit only key words.

c. Avoid a large number of blanks.

d. Blanks are better placed at the end than the beginning.

e. |f a numerical answer is required, indicate the units in which it is to be expressed.

Matching

‘a. ltems in aset should be homogeneous.

b. The number of answers should be greater than the number of problems.
c. The set should be relatively short.

d. Answer choices should be in a Ioglcal order, if one exlsts

e. Directions should specify the basis for matching.

f. Directionsshould indicate if an answer can be used more than once.

. Multiple Choice

. The tead or stem should clearly formulate the p?obl_e;nl

. Include asmuch as possibie in the stem but avoid irrelevant material in the stem.

. Be sure there is only one correct or best choice.

. Items measuring application, etc. should be phrased in ncvel terms.

. Avoid grammatical inconsistencies between the stem and alternatives.

. Avoid "none of the above,’” “all of the above,” "B & C," etc. unless they are absolutely
necessary. ‘ -

g. If the negative is necessary in the stem, capitalize or underline the "'not” or ““except”,
etc. :

= 00 O O oo

it Oral Tests

YT

Because it must be done |nd|V|duaHy, oral testing is demanding in terms of teacher time and classroom
management. Nevertheless, oral testing is necessary where Iearners cannot read or have handicaps that do
not allow them to write or mark answers.

34
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PAFulToxt Provided by ERIC

ti. Performance Tests

This form of testing presents tha student with a real situation and rates him on the procedure he uses
10 abtain a product or solve a problem, on the product or problem solution itself, or both. in some areas,
such as physical education, vocal music and the dance, form Is an aspect of performance important both
to procedure and to product, Teachers of language, debate and speech inay test performance in many
situations, The ultimate test of le2rning in English Composition, for example, is the ability to write a

passable composition in English, |:struction in French, Latin and Spanish aim at the spontaneous gener-
ation by students of acceptable sentences either orally or in writing.
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SELECTING THE MOST APPROPRIATE MEASUREMENT TECHNIQUE Exercise Sheet

1. A chemistry teacher desires to measure his students’ proficiency in the techniques of setting up a
laboratory experiment. Describe the technique you believe would provide him with the most valid
appraisal of their ability to do this task:

2. A social studies teacher is interested in measuring her pupils® progress in learning the skills connected

with determining latitude and longitude. Describe the procedures that you believe wou Id provide the most
adequate index of their growth:

3. Alanguage arts teacher is interested in measuring her pupils ability to compare and contrast the
s_tyles used by selected authors to achieve a certain reader response, What measurement techniques
« might be most appropriate to provide an index of the pupils’ ability to do this task ?

36




- 4, A social studies teacher desires to measure his pupils' mastery of selected historical concepts. His
groups’ skills to engage in reading and writing is very limited, What measurement technique might
give the most valid estimate of their mastery of the concepts?

5. A science teacher wants to determine the level of his pupils' mastery of certain basic scientific data.
Describe the techniques that he might use to obtain indications of their mastery of the basic data.

8

PAFulToxt Provided by ERIC




TABLE OF SPECIFICATIONS

" Instructional
Objectives for:

Grade level

HV?Q

o
Rpplicarion
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BEHAVIOR VS. CONTENT

Understanding

40

Knowledge of Applying Recognizing Evaluating
facts and Interpreting Principles Limitations Statements by
and Graphical to explain of Scientific

Terminology Material Phenomena Principles Method

The Nature and 1,2 3 21, 23 33 43, 44
Propagation of 5 7, 13 45, 47
Light ) 14, 16 50

(1e)
Reflection and 17 41, 42 20, 24 31, 35 a8 "
Refraction at a 30
Plane Surface

{9)
Reflection and 6 8, 9 39, 40 22, 25 32 49
Refraction at a 10, 11, 12 28
Single Surtace 16

{14)
Lenses 4,18 36, 37 19, 26 34 46

(11) a8 27, 29

{18) 7 (12) {5) (8)
3




PHYSICS TEST ~ OPTICS

1. The velocity of light in mjles per second is about

3. 3x 105,
*b. 186,000.

c. 93,000,000
d.’ 8,000.

2. The astronomer who first discovered that light hed a definite velocity was

a. Galileo.
b. Kepler.
c. Newton,
*d. Roemer. .
e. Hale.

3. Light waves resemble sound waves in that both

a. are longitudinal.

b. are transverse. '

c: can travel through a vacuum.
*d. are forms of energy.

4, Ina double concave fens, the image is

a. erect, virtual and enlarged.

b, inverted, real and diminished.

c. erect, real and diminished.
*d. erect, virtual and diminished.

5. Scientists now regard the principle of rectilinear propagation of light as

entirely disproved, .

. established without reservation,

valid for many practical purposes.

. valid in so few cases as to render it useless.
of very little importance.

eapoe

6. The focal length of a convex mirror

"a. isequal to R, the radius.
*b. isalways negative.
c. isequal to 2R.
d. isrelated to the aperture.
e. is the point where all virtual images occur.

7. The property that light as a particle and light as a wave have in common

*a. reflection.
b. diffraction.
c. interference.
d. infraction.
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in the next five questions, identify the parts of the figure labeled by choosing the corresponding letter
beside the correct name.

10,
1.
12,

13.

14,

15. Which part of the eye corresponds te the adjustable diaphragm of a camera?

16. The failure of parallel rays to converge at the {acal point of a spherical mirror is called

17. The angle between a ray of light striking a surface and the normai to that surface &t the point is the

. "b a. aperture T L
- T I P —— 12
c . focal length 0 LR !
*d ¢. radius of curvature
‘e d. center of curvature
*a e. focal point —t

* b. shade

AT4 - a4

The ratio of the velozity of light in avacuum to its velocity in any other medium is called the

a. index of reflection,
*b, index of refraction.
c. index of diffraction.
velocity ratio.
e. ratio of interference.

The section marked B in the figure belovs is the

a. corona

*c. penumbra
d. reflection
e. umbra

a. pupil

b. lens

c. eyebrow,
d. iris

€. cornea

»

a. astigmatism.
b. declination,
c. chromatic dispe: - ‘on.
*d. spherical aberration.

a. angle of coincidence.
*b. angle of incidence.

c. critical angle.

d. angle of total reflectior.
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18.

19,

20.

21,

22,

23.0

24,

42

In the figure below, K is called the

. 227 AS
a. focal point. ~~_ I \\, '
b. lens centroid. - F o

g~ S— ﬁ\\ y
*c. optical center. F K ~ o N
d. optical focus. ~ s

—

To determine quickly the focal longth of a convex lens, ane can focus light from avery object
upon a white screen.
*a, far
b. near
c. large
d. small
a. light
To hit a stick Under water one should aim
a. directly at the stick.
b. in front of it.
*¢. below it.
d. above it.
e, behind it.
An eclipse of the moon occurs when
*a. the earth is between the sun and the moon.
b, th2 moon is between the earth and the sun. )
c. the sun and maon are at right angles with respect to the earth. :
Given two examples of diffuse reflection, which is correct?
, ‘ \ |
~a/
A B .
*a. A '
b. B
c. Aand 8
d. neither A or B
:An airplane flying at a hright of 100 ft. casts a shadow on the ground v/hich is a

shadow of the same plane flying at 10,000 feat.

a. ‘much smaller than
b. much larger than
*c. essentially the same size as

The angle between the incident ray and a plane mirror is 25°. The. angle betvvien the incident ray and
the reflected ray in this case is

.a. 65°.
b. 50°.
c. 118°
*d. 130°.
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25,

26.

27.

28.

28,

31.

Theoretically, all tharays shown will pass through

a e o

A solid glass caverging lens, when immersed in water,

a. hasf> fin air.

b, hasf={in air.
‘c. hasf<€finair.

d. becomes a diverging fens.

e. has no.lonyar any focusing power.

A convex lens formed by placing two watch glasses (each with parailel sides) edge to edge, taped to-
gether to make it airtight, if placed under water

will stit! be converging lens.
will not act like a lens at ali.
will act lil'a a diverging lens.
will let rays pass through it unaffected.

.o

A boy in front of a cylindrical mirror finds his image is
e~tended in width,

diminished in width.

extended in height.

diminished-in height.

L

£\

ao o

Which lens would you use to get the rays to can\)erge atF?

A

T =7

a *b d

(@]

|

. If the mircor MM ¥ is rerated, through an angle €, what will be the chonge in angle r?

]
a. B ‘i
b, 8/2 n
‘. 20 !

M * M2
d. 46 1

Since a periscope depends on the relative refraction indexes of glass and air, does a periscope work if
totally submerged? i.c., can you still see underwater with it?

a. No, because the water would bend the light ruys out of range of the second prism,

b. Yes, because refraction in a periscope is unaffected by the two madia.

c. No, because there is not enough light to cause sharp images.
*d. Yes, Lecause the only refracting is done within the periscope where air is still the medium.
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32,

34.

35.

38.

39

40,

Which is the true path for the ray of light? *d

. A pinhole camera does not work when

a. the object is too far away.

*b. the hole is made wider.
c. thehole is not centered in the camera.
d. the screen is black.

If two lenses have identical shapes and sizes,
a. fisindependent of n.
b. f1 = fz. ) . _
c. ny < n, implies fq <fo.

.d. n1 > n2 iMPIieS f; < f2-

Two boys standing on a beach with a straight shoreline, try 1o make the beam of a tlashlight held by
one reflect off the still water back to the other.

a. It is possible to accomplish this because i = r.
b. 1t is possible because light trave!s in straight lines.
c. Itisimpossible because i #r.

*d. Itisimpossible because the incident ray, the reflected ray and the normal must be in the same
plane.

Each question is answered by one of the five graphs below, For i« - e, the horizontal axis = So

. ety - Lo
a : b c d e

An object is placed at the principle focus of a converging lens and moved slowly from the lens.

+—

. Which graph could represent the location of the image as the object moves away? *d

a7 .Which graph indicates ti.: product of S, and S; as the object moves away? e

Which graph could repre-rnt the height of the image as the object moves away? *d

The object is now placed at the principle focus of a parabolic mirror and moved away from the mirror;
which graph could represent the ratio hy / hi as the object moves away? *c

Suppose an object movaes along the principle axis toward the principle focus of a parabolic mirror at
a speed of 1 m/sec. Which graph would represent the speed with which the image would move away

v

from the principle focus as a function of time? a




; 41. In the figure, angle A is ¢ Jiled
‘ a. the reflected angle. ' g0°
b. the normal angle.
*c. the critical angle.
d. the acute angle. refracted
angle

incident
angle

gf---=-~

42, Which graph is correct for revlection? *d

r i ri r; ra ri

V‘ o
a b c d e

For Q,ue;tions 43 - 50 express yaur evaluation of the statement by choosing the corresponding number
of th/e,c’orrect stage, -

/ a. Belief Stage

b. Authoritative Opinion Stage
¢. Observation Stage '
d. Controlied Experiment Stage

43. The moon reflects lioht from the sun. ‘e

44, White light is a combination of the different coI;rs of the sun’s spectrum. *d
45. Light travels from place to place instantaneously *a

46. Convex lenses magnify smatl objects. *d

47. The speed of light is the fastest thing obtainable in the universe. “b
48. The angle of incidence equals the angle of reflection. *d
49. A ray of light is bent more by glass than water.  *d

§0. Light is a particle. ‘o
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ASSEMBLING THE TEST

LENGTH — The test shauld be long enough to semple significant behaviors called for by
each objective, but short enough so that the student can complete it com-
fortably within the time allottad.

ITEM 6RDER - One useful way to arder test items is in accordance with the sequence of the
content itself. Also, itemns may be arranged in the order of their perceived
difficulty.

KEY - Prepare the answer key before the test is duplicated so that the cutrect re-
sponses can be randomly keyed. )

DIRECTIONS - Keep directions simple and explicit.

LANGUAGE - . Language shouid ba direct and precise. The student should be able to answer

on the basis of his information and understanding of the subject matter alone.

APPEARANCE ~- Avoid overcrowded, or poorly organized format. Be sure the test is proofread
for errors before the student gets it and that the errors are corracted.

ITEMTYPE . The type of item to be used should be carefully selected so that it is the best
o " possible way of measuring the degree of pupil attainment of each instructianal
. objective. No more than two or three different kinds of items should be used
in one test and they should be grouped together.

The above tist by no means exhausts the important factors in putting rogether a good objective test.

Y ou will probably think of others. These suggestions were taken from Green, John A., Teacher-Made Tests,
Harper and Rowe, New York, 1963 and Gorow, Frank F., Better Classroom Testing, Chandler Publishing,
San Frantisco, 1966,
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Instructional Session Seven:

A.

RMultiple - Choice Items

OBJECTIVES

The participant

1
2.

W 00 N OO g s W

10

11.

12.

13.

14.

15.

can list at lcast three advantagas and two limitations of multiple-choice items.

can, given a population of students, state the appropriate number of alternatives for items
to be presented.

. can state three advantages of objective scoring as it relates to muitiple«:hoice items.

. can state the definition ¢f terms used in discussing multiple-choice items, e.g., stem, foil, etc.
. can, given a multiple-choice item, identify the different parts.

. ;:an, given the different forms of multiple-choice items, name each.

. can identify faults in given multiple-choice items.

. can rewrite correctly ‘“wrongly stated’’ multiple-choice items.

. can write multiple-choice items that are free of item faults.

can write multiple-choice items that measure cognitive processes more complex than simple
recall of specific facts.

can write multiple-choice items that require the student to perform a task critical to the
performance of the objective it was written to test.

will listen openmindedly to the advantages and methods of writing multiple-choice items
as evidenced by participation in discussion.

will provide evidence of believing that multiple-choice itemscan be used to test higher
mental processes than recall of specific facts by actually attempting to write such items.

will express to others the advantages arJ scope of objective testing, especially with multiple-
choice items.

will encourage others to use multiple-choice items in evaluating the degree of attainment of
behaviorally stated objectives.

PARTICIPANT'S PREPARATION:  Advantages and l.imitations of Multiple-Choice 1tems.

1.
2

"INSTRUCTIONAL LSSSION:

Discuss the Advantages and L.imitations of Multiple-Choice Items.

Distinguish clearly between product and process.

PARTICIPANT'S PREPARATION: Anatomy o! the Multiple-Choice 1tem.

INSTRUCT'ONAL SESSION: Review briefly the material presented in The Anatomy of the

Multiple-Choice Item.

PARTICIPANT'S PREPARATION:
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1. Typical item Fauits
2, Examples of Itern Faults — Practice Sheet
G INSTRUCTIONAL SESSION:
1. Review participant's responses on the Exémple of | tem Faults practice sheet.
2, Group critique participants’ efforts to correct item *'faults’’ on Practice Sheet.

3. Provide practice in writing multiple-choice items for the behavioral objectives written by the
participants in instructional Session Three, 8—6.

4. Group critique items produced by participants through activity No. 3.
H.  MATERIALS: '

1. Ad.vantages and Limitations of Multiple-Choice {tems.

2. Anatomy of the Multiple-Choice Item

3. Typical Item Faults

4. Examples of Item Faults — Practice Sheet

5 EVALUATION: Proficiency Quiz No. 7.
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ADVANTAGES AND LIMITATIONS OF MULTIPLE-~CHOICE ITEMS

Well constructed multiple-choice itemns have certain advantages for the student and the teacher as a
means of measuring the attainment of instructional objectives.

A, ADVANTAGES OF MULTIPLE~CHOICE ITEMS:

1. The student must demaristrate the specific ability the item calls for In order to select the
correct response. He cannot avoid direct confrontation viith the guestion.

2. Multiple-choice items may be objectively scored since such factors as skill in verbal expres-
sion, or speed and legibility of handwriting do not affcct the teacher's assessment of the
student’s responsc. Only the responsa to tho guestion enters into the score.

3. Since multiple-choice items are relativaly bricf, they allow a wide sampling of behaviors in
- a shiort time. Writing {composing and recording} answers is generally conceded to be more
time-consuming than reading and selecting an answer.

4. Each multiple-choice item has one, stated, correct answer, Thus, scoring can be done by
almost anyone, using a prep-.-ed key.

5. Scoring of multiplechoice items is fast and eesy because the student’s response is simple
< "4 unambiguous. Multiple-choice items may be machine scored.

6. Multiple-choice items can be analyzed statistically with much greater ease than free re-
sponse items, .

~ 7. Many kinds and [evels of learning behavior may be tested by multiple-choice items.

8. The niultiple-choice item generally provides greater testreliability pst item than the true-.
false item.

B. LIMITATI(SNS OF MULTIPLE—CHOICE ITEN:

1. Handwriting skills, performances on musical instruments and similar skills and abilities
should not be tested with multiple-choice kinds of tests.

2. Although mulftiple-choice items can efficaciously measure the higher menta! abilities, con-

siderable caution must be exercised to insure that the cause of the pupil's lack of ability to
engage in the higher mental processes as measured by the individual test item is not just the

forgetting o certain facts. This limitation can be overcome by two methods:

a. Grouping items according to varying mental complerities o a specific topic so a more
adequz= diagnosis can be made of the pupil’s real problem. )

b. Including the necessary information in the test situation to insure that the pupil’s lack

of ability to engage in the higher mental processes is not strictly the lack of knowledge
. of sefected facts.

‘ Ebel, Rabert L., Measuring Educational Achicvement, Englewcod Cliffs, New Jori:y, Prentice-Hall, Inc., 1965
Furst, Edward J., Constructing ‘Evaluation instruments, New York, David McKay Company, Inc., 1958.
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A

THE ANATOMY OF THE MULTIPLE-CHOICE ITEM

The multiple-choice item is an example of a supplied-response test. Each multiple-choice item has
two (2) parts. These are: ’

A. STEMORLEAD

1. Directions are a part of the stem or lead. Sometimes the lead is preceded by directions
telling what to do in order to respond correctly.

2. The stem or lead is of two main types.

a. The direct (or bona fide) question
Example - Why do living organisms need oxygen?

b. The incomplete statement
Example - During swallowing, the epiglottis covers the opening of the larynx so
~ that . '
" Note: This type of lead is more difficult to write correctly but if it is well
formed, it usually results in a more concise and pointed lead.

B. ALTERNATIVES
These alternatives are often called choices, options, or answers.
1. One answer is clearly best and is the correct response.

2. The “crippled” or inferior alternatives are called distractors (or decoys or foils) and are
incorrect answers.

3. The alternatives may be expressed as words, clauses, scntences, numbers, pictures, graphs,
diagrams and formulae; in short, anything that satisfies the logical requirements of the
question posed is allowable, ’

4, There are usually 4 or 5 alternatives. |tems appropriate for the primary and intermediate
grades may offer only 3 alternatives. o
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TYPICAL ITEM FAULTS — Revised Material

1. Pupil behavior attempted to be elicited by the item is not congruent with behavior stated in the

objective,

For Example: lDbjective: The student can recognize sketches, drawings, or pictures of the past five
presidents.of the U. S
Test item: _Which of the four men listed below wasnever President of the U. S.?

a. Gearge Washington
b. Robert Kennedy
¢. Lyndon Johnson
d. Harry S. Truman

2. Item’s stem does not present a single, definite, important question or problem,
3. Item's alternatives do not include a single, correct, or best answer or completion,

' 4. if the form of the stem is an incomplete statement, it should contain as much of the problem as
possible.
For example: Washington

8. was a great general.
b. was a plantation owner.
¢. was the first President of the U. S,

tmproved: George Washington is often referred to as the "Father of our Country’’ because he was

a. agreat general.
b. a plantation owner
¢. the first President of the U. §.

5. Item’s alternatives are not stated as briefly as possible.

6. Question or problem is not stated in positive terms. (If it is necessary to use a negative, it should be
underlined and/or capitalized, e.g. NOT, EXCEPT, UNlikely.)

7. Alternatives are not grammatically consistent with the lead.
8. Alternatives are not sufﬁdientiy similar in grammatical construction, degree of precision, or length.

9. Alternatives are not piausitle. Incorrect responses should tempt pupils who have incomplete or super-
ficial knowledge of the material,

10. Alternatives contain a "trick’’ word in an otherwise correct response just for the purpose of catching
the reader.
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“ EXAMPLES OF ITEM FAULTS — PRACTICE SHEET (Revised Materials)

Each of the following items contain one or more of the faults listed on the sheet, Typical Item Faulits.
You are to do two things with each of the items:

a. List the number(s) of the fault{s).
b. Correct the item so that it is acceptable.

1. Which of the following has helped most to increase the average length of human life?

a. fast driving
b. avoidance of over-eating
c. wider use of vitamins

d. wider use of tnoculations
2. At the Constitutional Convention, the*‘great’’ compromise

a. gave small and large states equal representation in the Senate.
b. made slave holding illegal.
c. was opposed by Washington.

d. gave western lands claimed by the states to the federal government.

@

The part of speech that tells “how'’, when"’, or "where"” is an

o

noun

o

. pronoun
c. adverb
d. conjunction
e. verb
4, The framers of the Cdnstitution faced many problems. The delegates to the Constitutional Con-
vention represented states with different interests and the delegates from the individual states
wanted to see that their states’ interests were protected. However, the defegates agreed that the
Articles of Confederat:on needed to be changed in order to provide for :
a. apresident whom everyone could respect.
b. astronger central government.
C. abetter understanding between states.
d a government for and by the people.
6. Which one of the foilcwing leaders of the Revolutionary War did not want the Articles of Con-
federation changed?
a. Benjamin Franklin
b. George Washington
c. Alexander Hamilton
d. Patrick Henry
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6. The Chicago Symphony

: a. presents the largest number of concerts.
b. has the largest number of players.
c. has the largest number of male players.
d. has the largest number of female players.

7. Slavery was first started

a. at Jamestown settlement.

b. at Plymouth settlement.

c. at the settlement of Rhode Island
d. a decade before the Civil War

8. Which event in the following list has been of the greatest importance in American history?

a. Braddock's defeat

b. Burr's conspiracy

c. The Hayes-Tilden contest
d. The Webster-Hayne debate

9. The adoption of the Constitution was generaily opposed by people who

a. owed money
b. thought that most peopie were unfit to govern themselves
c. owned businesses
d. thought the states should be destroyed
10. The student knows that {1} the Constitution provides for a census every ten years and {2) the reason
that a provision was made for a regular national census.
A census every ten years was provided for in the Constitution in Article {, Section
a 1
b, 2

c 3
d 4
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Instructional Session Eight: Basic Statistical Measures

A. OBJECTIVES
v The barticipant
1. can demonstrate knowledge of the definitions of certain statistical terms {mean, median,

mode, skewness, kurtcsis, normal distribution, standard deviation, and correlation) by
. matchmg correct pairs from lists of terms and definmons

2. can calculate for agiven distribution of a small sample, the mean, mode, median, variance
and standard deviation.

3. can determine whether a given distribution is negatively or positively kurtotic.

4. can determine whether a given distribution is negativéfy or pasitively skewed.

5. can, by giving examples, demcnstrate a knowledge of the implications of posmve negative,
and zero correlation.

6. can, by giving an illustrative example, show that correlation does not necessarily imply
cuusallty, _
B. PARTICIPANT'S PREPARATION: Basic Statistical Measures -:‘Numerica.l Exl;amp_le.z (2 Qgges)
C. INSTRUCTIONAL SESSION: |
1. Discuss definition of frequency distribution and histogram.
2. Discuss problems in selecting intervals and the normal curve.

3. Discuss definitions and formulae for mode, median, mean, variance and standard
deviation.

4. Calculate the actual values for the given data for each termin 3.

D. PARTICIPANT'S PREPARATION: Basic Statistical Measures - Samples of Skewness and Kurtosis
E. iINSTRUCT!ONAL SESSION
1. Discuss positive and reg:tive skewness {definition and example)
2. Discuss positive and negative kurtosis {definition and example)
3. Discuss meaning of significant skewness or Kurtosis relative to normal curve
F. PARTICIPANT'S PRE-ARATION: Standard Score Scales
G. INSTRUCTIONAL SESSION

1. Discussrole of standard scores, in terms of standard deviations and the advantages over raw
score reporting.

2. Discuss the relation of some of the familiar scales to standard scores.

H.  PARTICIPANT'S PREPARATION:

1. Basic Statistical Measures - Examples of Correlation

56

S




(=

56

2. Scores For a Fifth Grade Class (2 pages)
INSTRUCTIONAL SESSION

1. Discuss correlation as a measure of relation between two varigbles; meaning of positive
and negative correlation,.

2. Discuss the notion that correlation does not imply causality.

3. Using the écores and the formula for correlation, discuss the calculations that produce
the correlations and whether they conform to intuitive feelings about the variables,

MATERIALS:
1. Basic Statistical Measures - Numerical Examples
2. Basic Statistical Measures - Samples of Skewness and Kurtosis
3. Basic Statistical Measures - Examples of Correlation
4, Stande;rd Score Scales
6. Scoresfor a Fifth Grade Class

6. Glossary of Measurement Terms

PROFICIENCY QuIZ NoO, 8
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FREQUENCY DISTRIBUTION

The frequency distribution of a sct of data {e.g,, test scores) can be represented in a variety of ways.
Twao are pictured in the NUMERICAL EXAMPLE, The first is merely to state the number of scores
that occur in a set of intervals of scores where the intervals are det2rmined by the number and range of
scores. The second way to represent a frequency distribution is L. ; means of a histogram or bar graph.
The vertical axis represents the number of scores, while the horizontal axis is the score itself or intervals
of scores.

THE NORMAL CURVE

When the frequency distribution has a bell-like shape centered about the mean, it is said to be
“’normal’’. {1t is unfortunate that the word "“normal’’ carries connotations that are irrelevant to statistics.)

Normal distributions are very common. One has only to consider amounts like the number of leaves
on oak trees versus the number of oak trees to conclude that many trees have nearly the same number of
leaves as the average number, Few have @ w/ leaves or an enormously large number. Intelligence

is another example with great numbers of people near 100 and few people at the extreme ends of the
scale,

No classroom teacher should be satisfied with her accomplishments if her students’ test scores are
distributed normally. It is much more desirable to have a large proportion of students at the upper end
of the scale which would resuit in a shape far from bell-tike.

STANDARD DEVIATION

Knowing only the rnean or average of a set of scores does not allow us to make any judgments about
differences among the subjects tested; i.e., is the group fairly homogeneous or not? Some measure of

the spread of scores is necessary to answer such a question. One measure of spread is the standard
deviation,

A seemingly naive approach to measuring the spread of test scores would be to take the average dis-
tance of each test score from the mean. }f the scores differ greatly, this value would be large. If the
scores were quite similar, the resuit would be small.

Faor example, consider the following scores for nine students on a ten-item test.
1,3,4,4,6,6,6,7, 8

The average of these scores is 5. Now let us calculate the distance from each score to the mean.

1-5=-4
3—-65=-2
4—5=—1
4-5=-1
6~5= 1
6—5= 1
6—5= 1
©7~5= 2
8-5= 3

Now we shall take the sum of these and find the average “distance” from the mean.

Sum=0 0/9=0
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Summing these distances produced a resut of zero. Actually, this is not too surprising since the mean
is defined as the "‘center of gravity”' for all scores considered.

Statisticians avoid this problem by averaging the squares of the distances from the mean and later
taking the square root of the average calculated as the measure of spread.

Therefore
(1-52=-42=15
i3-52=-22= 4
(4-52=-12= 1
(4—6)2=-12= 1
6-5%2= 12= 1
6-8%= 12= 1
(6~52= 12= 1
(7-5612= 22= 4
8-52= 32= 9

T he sum of these squared distances is 38, and the average equals 38/9 or 4.22. The standard deviation
is the square root of 4.22 or 2.054. '

With a class of 35 students, this method of squaring distances gets quite out of hand and another
formula is used which arrives at the same number.

standard deviation = J = x2~(N x M)
N

where ¥ x2

is the sum of each score squared
N is the number of scores
and Nl2 is the mean squared.

This formula is applied to the numerical example in BASIC STATISTICAL MEASURES — Calculation
of Mean, Mode, Median, Variance and Standard Deviation.

STANDARD SCORE SCALES

When a group of data is normally distributed, scores can be thought of in terms of amount of standard
deviations from the mean.

For exampile, suppose in acertain set of scores,
Mean =75
St. Dev.= 10
then a score of 85 would be one standard deviation ahove the mean or a "standard score’” of +1, A score
of G0 would be one and a half standard deviations helow the mean or a standard score of — 1.5, (Standard
scores are also called **Z scores.”}

In a normally distributed set of scores, a standard score yields much more information than a raw score.
This isevidenced by consulting the page entitled, STANDARD SCORE SCALES. Note that 68.26%
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{34.13 + 34.13) of a group ties hetween one standard deviation below the mean and one standard de-
viation above the mean. Or, a score equivalent to one standard deviation above the mean corresponds
to the 84th percentile. A score equal to the mean corresponds to a standard score of 0 or the 50th per-
centile.

The charts below the normal curve show the correspondence between score of the more commonly
used tests; e.g., College Entrance Examination Board, Stanines, Perceritiles, etc.

SKEWNESS AND KURTOSIS

When a distribution of test scores is not beli-shaped or "normal,” the terms used to describe the
type of distortion from normality are skewness and kurtosis. :

Skewness represents the imbalance to the right or ieft. When a large proportion of subjects I'S scored
near the top of the distribution, the curve still looks bell-like near the upper {or positive} end. But at
the left {or negative) end of the curve, instead of the bell shape, only a gentle sloping curve is seen. Thus,
when a large proportion receiveshigh scores, the distribution is negatively skewed. In a similar manner,
when a large proportion receivedow scores, the distribution is positively skewed. It is sometimes con-
venient to recal! that skewness means distortion and the curves are distorted where the least number
of scores occur.

Kurtosis refers to the homogeneity of the group represented in the distribution curve as a high, thin
hill or a low flat hill. When the curve is high and thin (many subjects in a narrow score range) the

kurtosis is positive. When the curve is low and flat, the kurtosis is negative; i.e., equal numbers of sub-
jects over a wide range of scores.

For examples of positively and negatively skewed as well as positively and negatively kurtotic curves,
see SAMPLES OF SKEWNESS AND KURTOSIS,

Mean, Mode and Median in Skewed Distributions

Consider the following distribution. !

—pr-

numizer

of
scores

» Sscore
cC B A

The mode is easily found, for this is the score which the greatest number of people received. (A).
Here most of the distribution is in the higher scores so generally the media’ﬁs higher than the mean. In

addition, one or two very low scores greatly distort the mean. In the sketch above, C corresponds to
the mean and 8 the median.

" CORRELATION

Correlation is a number representing the relation between two variables. Two tests are correlated if
a score on the second can be predicted, knowing the score on the first. For example, word knowledge
and reading achievement would be correlated positively, for if word knowledge was high, in all probability,
reading achievement would also be high, and if one was low, the other would be expected to be low. Two
variables are correlated negatively if they vary in opposite directions to each other. One ex ample might
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‘ he discipline points and grade average. The more discipline points, the lower we would expect to find

' the grade average and the higher the grade average, the less we expect to see discipling points. Variables
are uncorrelated if there is no relation between them; e.qg., shoe size and score on a physics test. Here,
knowing the value of one does no¢ help in predicting a value on the other.

| Correlation has the limits —1.0 and +1.0. The limit —1.0 corresponds to a “‘perfect negative cor-
| relation” or an opposite direction relation, while +1.0 corresponds to a “’perfect positive correlation”

or a same direction relation.

Some examples of correlations are given in EXAMPLES OF CORRELATION. Each person is
represented by an “X'* and graphed with respect to the two variables used.

Calculation of the correlation between two variables is illustrated in SCORES FOR A FIFTH
GRADE CLASS.
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‘ BASIC STATISTICAL MEASURES NUMERICAL EXAMPLE

Raw Data (Test Scores) for 26 students

4,5 6,7 8 99, 10, 10, 10, 11, 12, 13, 13, 14, 15, 15, 15, 15, 16, 16, 17, 17, 19, 20, 23

10 :
Score Interval " Frequency - 9‘
/
8 4
0-4 1 / N
58 4 6 . 3
_ )
1 9-12 7 4 ) \
1316 B
17-20 4 24 -
21-24 1
— 0
26 0-4 5-8 812 1316 1720 21.24
61
61 L5




-y 4.

BASIC STATISTICAL MEASURES

Calculation of mean, mode, median and variance, standard deviation

lDtD.m\ld’)O'l-le

N N = wb wd od owd b b ad mb wd wb b b wd b wd b
WO O NN OO M©DBDWWN=0O0O0

62 . -

16
25
36
49
64
81
81

. 100

100
100
121
144
169
169
196
225
225
225
225
256
256
289
289
381
400
579

‘Variance =

Mode = most frequent score = 15

Median = the score that divides the population into two equal parts = 13

_ sumof scores _ 329 _ 12.65

Mean no. in group 26

sum of squared scores -Eno. of scores) x (mean2ﬂ
number of scores

__Ix% —N(M?)
N

_4731 — 26(12.65)*
2

=21.96

Standard deviation = \/Variance = 4.69
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! . STANDARD-SCORE SCALES

 0.13% 2.14% 13.59% 34.13% | 34.13%

2.14% 0.13%

d . 4 i 2 0 +1 2 43
Standard Deviations

Percentile Equivalents

1 5 10 20130 40 50 60 70180 %0 95 Q9
2-5C0r88 Q1 Mid Q3
‘ i | 1 l | [ I I i | { [ i I ]
-3.0 ~2.0 -1.0 0 +1.0 420 +3.0
T-scores
l 1 | J ] [ | ! ! ] l l | I |
20 30 40 50 60 70 80
CEEB scores
L Y R T R T R D A R R A B
200 300 400 500 600 700 800
AGCT scares .
L T A T I W N T R O R
40 60 80 100 120 140 - 160 .
Stanines 1 2 3 4 5 6 7 8 9
4% 7% 12% 17% 20% 17% 12% 7% 4%
Wechsler Scales
{ L | L | | 1 |
1 4 7 10 13 16 19
Deviation 1Q’s
| { i i 1 | 1 ]
55 70 85 100 1156 130 - 145
63
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BASIC STATISTICAL MEASURES
SAMPLES OF SKEWNESS AND KURTOSIS

skewness - skewness  —

. kurtosis +

kurtosis —

skewness + skewness +

kurtosis +

kurtosis -

/\_




S -

teacher’s

BASIC STATISTICAL MEASURES
EXAMPLES OF CORRELATION

score
estimate on
of . teacher
abitity made
test X
X
Xx X .
. X
X X
X x X
X X X
X X X X X
X
X x X
= x =
X X r=+0,9 X r=+0,5
test score score on standardized {
proportion
answering height
item
correctly
X r=+0.0
X
X X
X
X X
X X X
X
X x X X
X X
' X
X X X
r=—0.9

taxonomic level
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SCORES FOR A FIFTH GRADE CLASS

Test - Teacher’s estimate Test Discipline Height
Score of ability standardized score points {inches)

2 o 3.2 10 60

C (3 35 7 50

8 B (4) . 4.1 8 52

10 B (4) 4.6 9 62

14 B (4) 5.0 6 49

15 C @ 6.0 5 59

5 A (5) 5.8 3 63 .
16 cQ 6.1 0 51 ) ‘
20 C (3 6.0 2 53 .
25 B (4) 7.2 1 58 .

NZxy - (Zx}{Zy)
r =
XY VINEX? = (2x)?] [INZY? - (Zy)?)
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1 .
Score Teacher's Estimate Standardized Discipl,\rb%ints Height
Zx =130 Zy=34 Z2=51,5 Zw = 51 Zs =667
Zx? = 2120 Ty? =126 Ta? = 280,15 Tw? = 369 Zs? = 31273
Zxy = 473 Zx2 = 747.30 Zxw = 478 Zxs= 7248
10(473) — (130)(34) _ 310 . 310 . 4046
V110{2120) - 1307]{10(126) - 347 ] v/(43001(104) 668.7 '
10(747.3} — (130){51.5) _ 178 _ 778 - 4097
+/(10(2120) — 130% ] [10(280.15) — 51.5% ] +/(4300){149,25) 801.1 )
10({47.3) - (130)(51) _ ~1850 _ —1850 _ 0.85
+/110(2120) — 130%] [10(369) — 51%] +/(4300){1089) 2164 )
10(7248) ~ (130} (557) 70 70
> 5 = = = 40,02
V/[10(2120) — 130%] [10(31273) — 557%] +/(4300){2481) 3266
teacher’s estimate standardized discipline height
correlation of test score with of ability test score points {in inches)
.46 .97 -85 .02




Instructional Session Nine Test Analysis Interpretation of Computer Qutput

A. OBJECTIVE

The Participant

1. can match with their definitions in given lists: item difficulty, item discriminating power,
corrected score.

. can determine a unigque six character or less identification code for the subjects to be tested.
. can find the most difficult and easiest items on a test using the item analysis results.
. can suggest reasons for an item’s extreme easiners or difficulty.

. can cite examples where distractors were not selected and pose possible reasons for this.

S o s N

. can suggest reasons why a large proportion of the subjects would choose the same wrong
alternative,

~

. can give arguments for keeping or omitting an extremely easy or difficuit item.

8. can apply the “‘rule of thumb’’ that skewness or kurtosis divided by their respective standard
errors are significant if less than —2 or greater than +2 10 sketch the shape of the dis-
tribution curve.

8. can state in his own words, the concept of correlation between a dichotomous (two-valued)

variable and a continuous {many-valued} variable as it relates to the item--total test score
relation.

10. can find the best and worst discriminating item on a test using item analysis results.
11. can suggest reasons for an item’s excellent or poor discriminating power.
12. can use item analysis information to edit test items he has written.

B.  PARTICIPANT'S PREPARATION: Examine Computer Print-out Sheets

€. INSTRUCTIONAL SESSION: Discuss information to be gained from Computer Print-out Sheet

D. PARTICIPANT'S PREPARATION:  Given the computer print-out sheet, complete the Study
Questions for Analyzing Test Results. o

INSTRUCTIONAL SESSION:  Discuss participant’s responses to Study Questions on Analyzing
Test Results. .

F. MATERIALS:
1. Computer Print-out Sheets
2. Study Questions for Analyzing Test Results

3. Test used to gather data for the computer print-out sheet.

G. EVALUATION: Proficiency Quiz No.
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ITEMDIFFICULTY

1tem difficulty is defined as the proportion answering an item correctly. This is an unfortunate de-
finition, because the harder the item the lower the proportion answering it correctly; i.e., the most
difficult items have the lowest difficulty value.

There may be reasons for keeping or omitting easy or difficult items in a test. e.g., easy items provide
motivation for the less able students and difficult itams are a challenge to the more able students.

ITEM DISCRIMINATING POWER

The correlation between correctly answering an item and receiving a high score on a test is called item
discriminating power. A highly discriminating item will predict whether a subject falls into the high group
or low group amaong test scores. Thus, one criterion for a test which will divide subjects into high and
low groups is that the items be of sufficiently high discriminating power. (A typical minimum is .40)

Oneapproximation to discriminating power is the difference of the proportions in the upper 27% and
lower 27% correctly answering the item.

CORRECTED SCORE

The corrected score is a means for adjusting a score for guessing. Frequently this is calculated by sub-
tracting a fraction of the number wrong from the number correct. The fraction depends on the number
of choices in the items. For example, if there are four choices per item, % of the number wrong is sub-

tracted from the number right. If the number of alternatives varies from item to item, the procedure is
similar but the formula is more compticated.
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‘ STUDY QUESTIONS FOR ANALYZING TEST RESULTS

A,

INTRODUCTION

The following set of questions fs presented to help ybu to read the print-out which will ac-
company the corrected answer sheets returned to you after you pilot test items from the item bank.

. It may also aid you in making decisions concerning the results of your test.

While you are in the workshop, these questions may guide you ir learning to interpret the print-
out. Later, the questions may still be valid ones which you would ask yourself whenever you gnalyze
test results, no matter in what special format the results appear.

THE SET OF QUESTIONS
1.QUESTIONS CONCERNING FORMAT AND GENERAL DATA

(1) In looking at the print-out sheets, are there variations in the format, that is, are the columns
all in line, are there holes in the columns, etc.?

{2} Why did these variations occur? Did the students use the proper procedure for putting in 1D
numbers? |s your procedure for assigning D numbers operational? That is, can you identify
each student from the code? .

(3) Are item numbers in consecutive order?

(4) Does the number of items reported correspond to the number of items on the teét?

{6) Does the number of students correspond to the number of answer sheets you submitted?
(6) Ifa studént number was omitted from the analysis, was the student absent that day?

(7} Are the items keyed correctly?

(8) In looking at the keyed answers, were the correct answers randomly placed in the a-e spaces,
or was there, unknowingly, a pattern?

(9) What are the possible limits for each column on the output sheet?
(10} Is test reliability that is reported at an acceptable level?

(11) How do you determine if the distribution of scores that are reported represents a normal
distribution?

{(12) Is the distribution of scores on this test normai?
2. QUESTIONS CONCERNING ITEMS ON THE TEST

(1} What proportion represents one person? (You use this in looking at the ITEM INFORMATION
page of the print-out to see how many answered an incorrect alternative.)

(2} Areany "too easy’ items listed? What are the limits which make an item too easy?
(3} Which is the easiest item?
(4} Why is this item the easiest?

(6) Do | want such an easy item on the test? If yes, Why?
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(6) What is the point-biserial correlation of the easiest item and performance on the entire test?

(7) Are any "too difficult” items listed? What are the fimits which make an item too difficult?
(8) Which is the hardest item?
(9) Why is this item the hardest? Is it keyed correctly?
{10) Do | want such a difficult item on the test? If yes, why?
{11) What is the point-biserial cov;relation of the hardest item and performance on the entire test?
{12) Do the more difficult items correspond to the higher level cognitive behaviors?

{13) Do the easier items correspond to the lower level cognitive behaviors?

3. QUESTIONS CONCERNING STUDENTS——INDIVIDUAL AND GROUP

{1) What is the range of raw and corrected scores?

(2) How is the corrected score derived?

{3) Which score do { want to vecord? Whichl score is more meaningful for me?
{4) What performance on this test will | acéept as mastery of my objectives? -
{5} How many got the easiest item wrong?

{6} Who got the easiest item wrong?

{7) How many got the hardest item wrong?

(8) Who got the hardest item wrong?

(9} Does the sign of the skewness and kurtosis correspond to my idea of the description of my
classroom group?

. QUESTIONS CONCERNING THE USES OF DATA FOR MAKING DECISIONS ABOUT

INSTRUCTION

{1} How can | use all the information given in the data analysis as a guide for assigning grades?

(2) How can | use this information provided in the data analysis of my test to develop a re-
teaching strategy?

(3) How can | change an easy.item to make it more difficult?
{4) Do | want more easy items on the test?

(5) Did | think there were morc easy items than the data shows? |f yes, look for the items !
thought were as easy as the easiest and find out why they were not as easy.

(6} Which alternative was chosen by those who got the easiest item wrong? What can we tell
about their learning difficulties from their choice of the wrong alternative? Should | ask the

ones who got the easiest item wrong to explain to me how they come to make this incorrect
choice?

{7} How can ! change a hard item to make it easier?




~{8) Do ! want more hard items on the test?

(9) Did | think there were more hard items on the test than the data shows? If yes, look for
the items | thought were as hard as the hardest and find out why they were not as hard.

{10) Which alternative was chosen by those who got the hardest item wrong? What can | tell
sbout their learning difficulties from their choice of the wrong alternative? Should J ask the
ones whao got the hardest item wrong to explain to me how they came to make this incorrect
choice? Is their incarrect chaice a better alternative, that is, is it a correct alternative also?

{11) How can | use the information given in the point-biserial correlation of an item with
performance on the test?

{12) Which of the items are the best predictors of performance on the entire test?

(13} Could these best predictor items be used as the entire test? ‘
{14) Could these best predictor items be used as a pre-test or a trial test? |
(15) Why is a normal distribution important for me? ‘
(16) If the distribution of scores is not normal, what does this mean? J

(17) 1t the distribution of scores is not normal, is there another distribution with important
characteristics which the sample of students which | have might fit better?

{18) 1f I have a non-normal distribution of scores, do | want to change the test so that for the
same kind of students | will get a normal distribution? What must be done to accomplish this?
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Ins.tructional Session Ten: Vulidity and Reliobility

A

OBJECTIVES
The participant
1. can match the four types of validity with their definitions.

2. can, by an itlustrative exan;nple, express the degree of validity by a correlation coefficient.

.

3. can demonstrate knowledge of the term reliability by giving illustrative examples; e.g.,
repetition or equivalence.

>

can, by an illustrative example, express the degree of reliability by a correlation coefficient.
5, can, by an illustrative example, show that validity is limited by reliability.

6. can analyze a given testing situation by stating the relevant validity issue and the reason for
the lack or presence of the type mentioned.

7. can, given an illustrative example, indicate the lack or presence of each of the four types
of validity.

PARTICIPANT'S PREPARATION: Four Typesof Validity
INSTRUCTIONAL. SESSION:

1. Discuss the Four Types of Validity.

2. Completion of the Practice Sheet on Validity by participants using Four Types of Validity
as source material.

3. Group critique of participant's responses on Practice Sheet.
PARTICIPANT'S PREPARATION:  Reliability of Test Scores.
INSTRUCTIONAL SESSION:

1. Discuss the Reliability of Test Scores.

2. Discuss the relationship between reliability and validity.
MATERIALS:

1. Four Types of Validity;

2. Validity - Practice Sheset

3. Reliability of Test Scores

EVALUATION: Proficiency Quiz No. 10




FOUR TYPES OF VALIDITY

CONTENT VALIDITY
— the degree to which a test represents

behaviors and subject matter of the
course objectives

CONCURRENT VALIDITY

~ the degree to which a test reflects a separate
simultaneous judgment

PREDICTIVE VALIDITY

— the degree to which a test is able to predict
some specific future outcome

CONSTRUCT VALIDITY

- the degree to which a test correctly judges
a psychological concept or theory
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VALID

a test constructed using a *’behavior by
content’"table of specifications based
on the course objectives

INVALID
a teacher emphasizes "critical thinking”

in Social Studies c!3ss and gives a test re-
quiring only recall of specific facts

VALID

scores on a teacher-made test in science
correlate highly with scores on a standard-
ized test given the same week

INVALID

scores on a test are very different from
what the teacher had expected on the
basis of her experience with the class

VALID
College Board sébres correlate highly
with collegiate academic performance
INVALID "

no prediction possible

VALID

test items that measure higher mental pro-
cesses have higher difficulty level

INVALID

. ho correspondence to a psychological
theory



‘ VALIOITY —~ PRACTICE SHEET

% A.  What type of validity is primarily involved in each of the following situations?

1, A fourth grade teacher prepares a table of specifications to compare the items of her test with
the objectives of the unit.

a. content

b, concurrent
c. predictive
d. construct

.

2. The U, S. Employment Service wishes to test men to determine which ones have had enough
experience to be referred to cantractors who have vacancies for electricians,

a, content .
b, concurrent

c. predictive

d. construct

w

A medical school wishes to test the personalities of its applicants to determine which ones are
best suited to a physician's responsibilities.

a. content

b. concurrent
c. predictive
d. construct

>

A pencil-paper test is used to identify students entering junior high schoo! who liave emotional
difficulties and should be singled out for counseling.

a. content

b. concurrent
c. predictive
d. construct

The Short Employment Tests are found to correlate .91 with the General Clerical Test, which
has been used for some time as a predictor-of job success.

m

a. content
b, concurrent
¢ predictive
d. construct

B The State of lllinois administers written tests and actual performance tests to driver license
applicants. i

1. How would you go about determining the content validity of these tests?

2, What assumption or assumptions would have to be made before these tests could be used to
predict the licensee’s actual performance on the highways?
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RELIABILITY OF TEST SCORES

- -y 4

i. DEFINITIO?’ OF RELIABILITY: Reliability refers to the consistency of test scores, i.e., how

consistenl;('é set of test scores measureswhatever /# dses measure.

1. METHODS OF IMPROVING TEST RELIABILITY:

A, Increasing the length of the test yields an increased number of sampfles of pupil behavior,
. A larger sample usually increases the spread or range of the scores.

8. Insuring that the items on the test are homogeneous, i.e., they measure the same behavior.

C. Increasing the discrimination power of the items, i.e., assist the teacher in identifying the better
and the poorer students. '

D, Utilizing items that are of middie difficulty rather than only items that are very difficult or very
easy.

E. Administering.the test to a group having a widsa range of ability levels.

11, METHODS OF OBTAINING VALID DATA TO COMPUTE RELIABILITY COEFFICIENTS

A. Test- Rotest Method: Administering the same test twice to the same class.
1. Advantages: Only one test is needed.
2, Limitations:
a, Student may recall items from the first test situation.

b. Student may have “learned’” material retated to the 1est in the interval between test and
re-test,

c. Classroom time may ba wasted by the repeated administering of the test.
d. Student often loses interest in the second testing situation.
B. Equivalent Forms: Paratiel forms of a test are a_dministered'during the same test situation.
1. Advantages: RNeduction of limitations “a’’ and ""b"’ of Test-Retest Method.
2. Limitations:
a. Educational achievement tests are usually not published in alternative forms.
b. @ehavior sampled by the two tests may not Be identical.

C. Split-Halves Methnd: Single test is split into two equivalent halves. Common method of doing
50 is to score the odd-numbered items and the even-numbered items separately.

D. Kuder—~Richardion:

k
Formula r=-— [1-%pg ]
k-1 o2

k=" number cf items in the test

% =sum




P = proportion of the population answering one item correctly

Q= proportion of the papulation answering one item incorrectly

02= variance of the total scores on the test
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tnstructional Session Efavan:

A,

OBJECTIVE

The participant
1. can discuss the role of the Workshop Teacher o5 an agent of change,
2. will continue an active relationship with the Evaluation Project.

3. will share ideas on applying the knowledge and ckills learned with other participants and
other members of the school district,

INSTRUCTIONALSUSSION: Review and discuss materials on ''The Workshop Teacher as
Liaison."”

MATERIALS:

1. The Workshop Teacher as Liaison,

&4

The Licison Role of the Workshop Purticibam
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Aruitoxt provided by Eic:

RIC

THE WORKSHOP TEACHER AS LIAISON

A\fter returning to his school, the workshiop teacher will prabably be asked to function as a '“liaison”
or link between the Evaluaticn Project and his district mainly for the pur pose of sharing ideas about the
objectives of the workshop and how they relate to the abjectives in his particular area of speciatization
and the general curriculum of the schoo! district. It is our hope that existing evaluatory practices will
be augmented to some degree through proper utilization of the workshop teachor and available resource
persons from the Evaluation Projcct. This liaison role has several important aspects and the emphasis
given to each will vary from district to district according to its needs. Sub-roles which the teacher may
assume as ‘‘Liaison’’ are:

1. EVALUATOR - As an evaluator, hie will be able to

a.

b.

C.

g

a.

&

C

(24

a.

b.

Cc.

Ey

recognize the importunt relationship between the objectives of instruction and the canstruction
and uses of tests as they affect improved teaching an: learning.

distinguish batween effective and ineffective teaching-testing practices.

select and/or develop more suitable test instruments to evaluate the individual student’s
progress.

DISSEMINATOR - As'a disssminator, he will be able to

share information with his school administration and other classroom teachers regarding his

experiences as a workshop participant,
)

assist local administratorsand teachers who are concerned with the prol.lem of planninga
school-wide testing program.

discuss the appropriateness ¢f his experience and plans for implementation within their class
room structure,

develop plans for in-service wirkshops in evaluation with assistance from tha Cvaluation Pro-
ject staff.

distribute the Operational Guice an! other materials produced by the Evaluation Project staff
to interested teachers for surposes of praview, '

Individual districts may request that the participant submit a written report to his Principal,
Superintendent, or Curriculum Specialist. Emphasis siiould be placed on the objectives of the
Evaluation Project workshop; the valuc of the experience; an orderly account of all activities
pursued during the interim of the workshop; suggestions for improving **Future” evaluation
workshops; ond plzns for followiing activities inciuding implementation of new instructional
and evaluative practices within his area of conpetency.

LIAISON - As a liasison person, he will be able to

utilize the services of the Evaluation staff for assistance in conducting in-service workshops.

request Lhat his name be placed on the mailing list for the purpose of receiving information on
new project activities and materials. '

’

attend the continuing contact meetings which are held twice yearly.
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Aruitoxt provided by Eic:

THE {TEMPOQL Cempilation, Tecting, and Projected Use

A tangible outcome ot the Evaluation Project will be the creation of an item pool of multiple-choice
items matched with behavioral objectives. This bank of test questions will be available to all districts who
are participants in the Evaluation Project. The purpose of the Project item bank is to provide a source of
reliable test questions frorm whith teachers can select those appropriate to their on-going classroom
instruction at any point throughout the schoot year.

Compilation Of The ltem Bank

In a series of workshops, classroom teachers write instructional objectives and test items to measure
attainment of thase objectives. Alter itemsare writien, they are sul:iected to at least four dif ferent edits,
The writer edits them first and in s doing, improves his technique of writing well-formed items. A metn-
ber of the Project staff then edits the items for form and discusses them with the teacher. The items are
then given to @ subject matter specialist who does the third editing. A professional editor witl compliete the
final editing.

Testing ltems In The Bank =

As part of the editing pro(‘.e_ss iters wili be pilot tested on a continuing basis. Only when the items have
been shown to be statistically reliable and valid will they go into the final test item pool for mass distribu-
tion. Even then, if necessary, thay wiil continue to be edited.

If possible, the first pilot testing of anitern will be done by the writer of the item. The revised item
will then be sent for as many more nilot tests as statistical studies of it indicate are necessary. With each
testing, the writer is furnished an analysis of the test items. {See Sample) On the basis of this analysis, the

writer may alter items, discard them, and write additional items. As items are pilot tested, difficulty level
is constantly up-dated.

Projected Use Of The itemn Bank

When the item poo! becomes operational, thu','obinctives will be coded in a mutti-category system. They
will be coded by behavior and by content. The behavior may be catcgorized as recall or above, or the code
may be based on a finer categorizatio- nf 1.6 based on Bloom’s Taxonomy. Possibly, acombination of
these two methods may Le adopted. The content will be distril)uttzd;m four general categories of
mathematics, scicnee, language arts, and social studies. A finer sub-dividing of each of these four cate-
gories will be madu based an tne exhiaustive cortent listings compiled by the teachers and on grade level.

Besides the data indicatad by the coding nrocess, the difficulty level will be furnished for each item
selected by a teacher.

Policy and practice on tem retrieval is il being established, 1t can wark in several ways. Teachers might
be given a hool¢ containing all coded obisctives under one content ares at a particular grade level. Numerous
test items would be tisted under cac!h objective. T'he tencher can then sefect specific test items to make up
a test. Another rnethod would be to arder 2 test by specifying the percernt of items at each fevel of be-
havior and difficulty level for a particular unit of content, for examnple, the Civil War. The test would then
contain a random sample of items from the poo! which meets those specifications. A third use of the item
poo! would be for diagnostic testing. Bezause each objective has more than one item under it, a teacher

could order 3 pre- and post-test, being aseured that items in each test are of comparable difficulty and test
the same hehavior and content,
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